We investigate the polarization of Compton scattered X-rays from relativistic jets in active galactic nuclei (AGN) using Monte Carlo simulations. We consider three scenarios: scattering of photons from an accretion disk, scattering of cosmic microwave background (CMB) photons, and synchrotron self-Comptonization (SSC) within the jet. For Comptonization of thermal disk photons or CMB photons the maximum linear polarization attained is slightly over 20% at viewing angles close to 90 • The value decreases with the viewing inclination. For SSC, the maximum value may exceed 80%. The angle dependence is complicated, and it varies with the photon injection sites. Our study demonstrates that X-ray polarization, in addition to multi-wavelength spectra, can distinguish certain models for emission and particle acceleration in relativistic jets.
Introduction
Observations of extended jets in AGN by Chandra have revealed that the origins of their X-ray emission is less trivial than previous thought (see 9; 14, for X-ray jet surveys). The X-rays may arise from various processes. The polarization in the radio and optical bands suggest that the emission is generated by synchrotron process (7) . Thus, synchrotron and synchrotron selfCompton (SSC) emission are candidates for the X-ray continuum emission (8) . However, the X-rays can also be generated from external Comptonization (EC) of disk blackbody radiation (15) or of the CMB (4). It has been suggested that X-ray polarization measurements are able to discriminate these competing emission mechanisms. To date only a few approximate analytical predictions have been made for SSC (2; 1; 3) or EC polarizations (13) . Here we show results of our X-ray polarization calculations for photons scattered by energetic electrons in jets at relativistic bulk speeds. We consider Compton scattering of thermal photons emitted from an underlying accretion disk and the scattering of polarized synchrotron photons emitted within the jet. We also consider Compton scattering of CMB photons by the bulk flow of jet electrons.
Models
We consider a conical jet with a bulk Lorentz factor 1 < Γ j < 10, launched at a height z 0 above the disk midplane (Figure 1 .1). The jet base has a radius r b , and the jet power is P j . The electrons have a number density distribution, N e (γ) = Kγ −p , where γ is the Lorentz factor, p is the eneregy spectral index, and K is obtained from N e = γmax γ min N e (γ) dγ. Along the jet N e falls off according to N e (z) = N 0 (z/z 0 ) −2 , where
(
Polarized synchrotron photons are emitted isotropically by the electrons with Lorentz factors γ min ≤ γ ≤ γ max in the plasma rest frame. The emission is Lorentz boosted by the relativistic bulk flow of the jet. The accretion disk emission is thermal, with the photons generated according to the flux
where R i is the inner disk radius andṀ a is mass accretion rate of the disk. The CMB photons are generated from a single-temperature blackbody with T bb = 2.8 (1 + z) K. They are injected isotropically and uniformly around the jet. In this work, we set the redshift z = 2. The numerical values of the model parameters are the same as those in (12) . The non-linear Monte-Carlo algorithm given in (5; 6) is used to determine the scattering event and the photon transport in the jet. The polarization is calculated in each scattering event, and the emergent photons are summed, following the procedures as described in (10; 11). In the simulations, three different co-ordinate frames -the electron rest frame, the plasma rest frame and the observer's frame -are used. The transformation of the polarization of the photons between the frames is given in (12).
Results and discussions
The results of our simulations are shown in Figure 1 .2. For the EC case with photons injected from an accretion disk, the degree of linear polarization P L increases with the viewing inclination angle θ. At θ = 10 • , P L ≈ 3%, and at θ = 80 • , P L ≈ 21%. The angle dependence of the polarization for the case with CMB photon injection is very similar, with P L ≈ 3% at θ = 10 • , increasing to 24% at at θ = 80 • . In these two cases, the average polarization of the seed photons is zero. Large linear polarization results when largeangle scattering events dominate. As the jet plasma has bulk relativistic motion, the incoming photons are essentially seen as headon in the electron rest frame. Regardless of the initial angle distribution of the seed photons, most photons emerging at large θ have undergone a large scattering event immediately before escaping from the jet. Thus, P L increases with θ, and the degrees of polarization are similar for the two EC cases with thermal photon injection.
The polarization is substantially higher in the SSC cases than in the EC cases -above the 20% level, except when the photons are injected at the jet base and when the viewing inclination is low (small θ). It reaches 70% or higher if photon injection occurs at substantial heights or uniformly along the jet. The high polarization is partially due to the fact that the seed photons are polarized. Scattering randomizes the photon polarization angles. Multiple scattering does not always increase the net average polarization, thus the angle dependence is more complicated in the SSC cases than the in the EC cases, where net polarization is generated by multiple scatterings of unpolarized thermal photons. The polarization values are similar for all cases when θ is close to 90 • . This is due to the fact that the corresponding incident photons have similar properties, in the rest frame of the electrons, at the last scattering before they escape from the jet.
Our study has shown that X-ray polarization can distinguish whether the X-rays are generated from EC or from SSC. It can also discriminate between the particle acceleration sites in the case of SSC emission.
